We study the hybrid open access (HOA) citation e¤ect. Under HOA pilot agreements, HOA is assigned for all articles of eligible authors. We use unique data on 208 (1,121) HOA (closed access) economics articles. We control for the quality of journals, articles and institutions and citations to RePec pre-prints.
Introduction
Well-established economics journals such as Public Choice or Economic Theory have recently introduced hybrid open access (HOA) as their publication format. HOA journals give authors the option of paying an open access (OA) publication fee to make their papers freely available online in addition to the print-version. After submission, papers go through the standard peer-review procedure. Once accepted, the author can choose whether or not to use the OA option. If the author chooses HOA, she has to pay the HOA fee, which is typically about $3,000. In exchange, the copyright remains with the author. She has the right to publish the …nal version of the article in institutional repositories without any embargo period. Also, she has the right to publish the article freely online, and therefore allow it to be freely downloadable by anyone.
In this study, we bene…t from the recent introduction of HOA pilot agreements between commercial publishers, i.e., Springer and Oxford University Press (OUP), and UC California, the Universities of Hong-Kong and Goettingen and all Dutch universities as well as all Max Planck Institutes. Under these agreements, the HOA status of articles is typically exogenously assigned to all articles of authors a¢ liated with HOA pilot institutions. This unique set-up helps us to avoid the author-driven selection bias brought forward in recent literature on the (H)OA citation e¤ect in science (Davis, 2009; Gaulé and Maystre, 2011) . In addition, we control for institution quality to address the concern that HOA pilot articles might be picking up the quality of HOA pilot partner it is not the type of access that explains the HOA citation advantage, but rather it is self-selection. In particular, Davis (2009, p. 6) suggests that "more citable articles have a higher probability of being made freely accessible". The unique set-up of HOA pilot agreements helps us to address these concerns. Our approach also allows us to control for journal quality, article quality as well as institution quality. Article quality is proxied by author quality which we measure with the H-index, total cites and average cites of authors. Intuitively, high-quality authors have su¢ cient experience in doing research, established networks of co-authors and the necessary resources, e.g. to hire student assistants or Ph.D. students, in order to write high-quality papers. Additional It is crucial to distinguish between OA and HOA journals for the following reasons. The vast majority of OA journals have o¤ered OA since the …rst issue. This makes a comparison of citation rates before and after the adoption of the OA business model simply impossible. Additionally, the recently established OA economics journals typically have relatively low academic prestige. In contrast, HOA journals are often well-established economics journals that publish only some articles as OA articles upon payment of a publication fee. This di¤erence allows us to compare citation rates of OA papers and CA papers published in the same journal and thus to control for journal quality.
The remainder of the paper is organized as follows. Section 2 describes the data. In Section 3, we provide an analysis of the e¤ect of the HOA-Pilot status on net citations. Section 4 concludes.
Data
We hand-collected a unique dataset containing information on 1,329 articles published 
Analysis of the E¤ect of HOA on Net Citations
We focus our analysis on the 1,329 articles published in the HOA journals in our data set A provides an overview of the HOA pilot agreements and periods under study. During the pilot-period the fees were included in the subscription fees that the institutions paid to the publishers. As the HOA status is typically assigned automatically under HOA pilot agreements and authors do not have to pay the HOA option from their own research budgets, we argue that the existence of an author-driven selection bias can be ruled out when we run the regressions only with the HOA pilot articles. However, we include the quality of institutions to address the concern that the coe¢ cient for HOA pilot articles might be picking up the quality of HOA pilot institutions.
We analyze citation rates of HOA and CA articles published in the same set of journals. This approach allows us to control for journal quality. Table 2 provides an overview of the variables under study. 1 To better understand the functioning of HOA pilot agreements, we gathered the email addresses of all 208 HOA contact authors and conducted a short email survey on HOA and HOA-related budgets. In particular, we asked the following three HOA-related questions: 1) The reason for your use of this option? In particular, does your employer require or encourage you to choose the HOA option if available?, 2) What was the source of funding for payment of the fee for the HOA publication, and if it was your employer, would you have been willing to pay from your own research funds had your employer not paid?, 3) In the case of your most recent co-authored HOA publication, did you split the HOA fee between all authors? 16 authors replied. Ten authors answered that their employer had paid the HOA fee. The HOA fee was typically not split between authors. One author from the University of Amsterdam said that he "was neutral" with respect to the HOA option. One author from the University of California stated: "I didn't see any costs to the option". A federal employee of the USA stated that "all publications by a federal employee needs to be open access". He also stated: "I wouldn't have paid (of course depending on the amount, I'd have paid up to $10, maybe)."
Obs.
Mean
Std 4 We include journal dummy variables. indicates the (squared) number of months since an OA pre-print was available prior to the publication of the …nal version of the article under study. The total number of cites to RePec OA pre-prints is given by ReP EcCitP reP rints ijt . In the case of multiple OA pre-prints (74 out of a total of 406 cases), we consider the sum of citations to all 3 Four of the 34 HOA articles that were not subject to a HOA pilot agreement were published in OUP's Journal of Financial Econometrics. In contrast to Springer, OUP does not have HOA pilot agreements. 4 We manually gathered information on OA pre-prints from the author websites on SSRN and IDEAS/RePEc. We de…ne an article as OA pre-print if a working paper or discussion paper was made available on SSRN or IDEAS/RePEc prior to the publication of the …nal version of the article in the journal under study. Note that this de…nition excludes published journal articles that are often also made available on SSRN or RePec. 5 H is the number of articles with at least H citations.
available OA pre-prints. HOA pilot articles written by UKB-researchers are the most common case with 126 observations. Appendix B reports the histogram of N etCit ijt .
It indicates how many articles in our data set generated zero net cites over the period of time under study. It is, however, important to note that many of the zeros might turn into positive numbers given su¢ cient time since publication. As N etCit ijt is neither normally distributed nor normally distributed with a truncation we use the Poisson that authors are more likely to select more citable papers as HOA. 7 In this respect, HOA pilot articles and HOA articles that are not subject to a HOA pilot agreement are to be treated as fundamentally di¤erent. 8 The regression results are reported in Table 3 . In speci…cation (1), we refrain from including RePec quality measures and institution quality. In speci…cation (2), we include BestH ijt , in (3) BestCit ijt and in (4) BestAvCit ijt to control for article quality. In speci…cation (5), we include all three quality measures. In speci…cation (6), we include the institution quality measure together with BestH ijt . In speci…cation (7) we additionally control for the months of availability of OA pre-prints and citations to OA pre-prints.
Our main …ndings are as follows. First, M onthP ub ijt is a strong predictor for N etCit ijt . The coe¢ cient is positive and signi…cant at the 1% level in speci…cations
(1) to (6) and at the 5% level in speci…cation (7) with a p-value of 0.023. Intuitively, the longer a paper is available online the more cites it generates. We test whether the coe¢ cients for M onthP ub ijt and M onthP ubSq ijt are jointly di¤erent from 0. The pvalue is 0.0000 in all speci…cations. We reject the null hypothesis and conclude that both variables have a signi…cant e¤ect on net citations. Table 4 reports the marginal e¤ects at the means of the PQML regression. The statistically signi…cant positive marginal e¤ect of M onthP ub ijt on N etCit ijt ranges between 5% and 7% across speci…cations.
Second, articles that cite more other papers generate higher net cites. The coe¢ cient is positive and signi…cant at the 1% level throughout all speci…cations. This interesting result could be due to a number of reasons. Perhaps by having more references more Google (Scholar) hits are achieved in a search, leading more future authors to notice the paper. Also possible is that authors are reciprocally citing each other in an attempt to arti…cially increase cites. The statistically signi…cant positive marginal e¤ect of 7 Clearly, it would also not be admissible to include HOA articles that are not subject to HOA pilot agreements as CA articles in the regressions as this would bias the CA citation e¤ect. 8 We ran the regressions with and without the 34 currently omitted papers. The results are practically identical which suggests that the papers are not really all that di¤erent in terms of selection bias. This contrasts with Davis (2009) and Gaulé and Maystre (2011) . Robust standard errors in parentheses. Robust standard errors clustered around journals. One article is one observation. We drop 34 observations of HOA articles that are not subject to a HOA pilot agreement. We also include journal dummys. We drop the journal dummy for Public Choice which corresponds to the most common category with 294 articles in the data set. We include BestH ijt in specification (2), BestCit ijt in (3) and BestAvCit ijt in (4) and all quality measures together in (5). In (6), we control for institution quality and BestH ijt . An increase in InstRank ijt represents a decrease in the ranking of the institution. Thus, a negative coefficient stands for higher net citations for papers of researchers affiliated with higher-ranked institutions. In specification (7) we additionally control for the months of availability of OA pre-prints on RePec and cites to these pre-prints. *** p<0.01, ** p<0.05, * p<0.1. Third, the coe¢ cient for HOAP ilot ijt is positive throughout all speci…cations. 9 It 9 The e¤ect of the HOA pilot status of articles on net cites is more pronounced for older articles as is signi…cant at the 5%-level in speci…cations (1), (2) , (3) and (5) and at the 5.1%-level in speci…cation (4). However, the HOA pilot status turns out to be insigni…cant in speci…cation (6) with a p-value of 0.178 when we control for institution quality and the H-index of the best author. In addition, it is insigni…cant with a high p-value of 0.942 in speci…cation (7) where we additionally control for the months of availability of OA pre-prints and the citations to these pre-prints. As for the marginal citation e¤ect of HOA, the HOA pilot status of articles increases net cites by about 22% to 26% across speci…cations (1) to (5) as compared to CA articles published in the same group of journals. This result suggests that, in the absence of HOA pilot agreements, a $3; 000 HOA fee would be buying HOA authors between 22% and 26% more net cites.
However, once we control for institution quality together with the H-index of the best author the e¤ect turns out to be insigni…cant and drops down to about 17%. When we additionally control for the months of availability of OA pre-prints on RePec and citations to these pre-prints, the statistically insigni…cant marginal e¤ect of HOA on net citations drops to 0.4% with a high p-value of 0.942. Fourth, the number of authors appears to be a signi…cant predictor for N etCit ijt as the coe¢ cient is positive and statistically signi…cant at least at the 5% level across speci…cations (1) to (6) . However, once we control for the months of availability of OA pre-prints and citations to these pre-prints in speci…cation (7) the coe¢ cient turns out to be insigni…cant.
Appendix C illustrates. The HOA citation advantage appears to be relatively low for articles between 20 months since publication (when the …rst cites occur) and about three years since publication and then increases over the next years. Robust standard errors in parentheses. Robust standard errors clustered around journals. One article is one observation. We drop 34 observations of HOA articles that are not subject to HOA pilot agreements. We also include journal dummys. We drop the journal dummy for Public Choice which corresponds to the most common category with 294 articles in the data set. We include BestH ijt in specification (2), BestCit ijt in (3) and BestAvCit ijt in (4) and all quality measures together in (5). In (6), we control for institution quality and BestH ijt . An increase in InstRank ijt represents a decrease in the ranking of the institution. Thus, a negative coefficient stands for higher net citations for papers of researchers affiliated with higher-ranked institutions. In specification (7) we additionally control for the months of availability of OA pre-prints on RePec and cites to these pre-prints. *** p<0.01, ** p<0.05, * p<0.1. Table 4 : PQML regression marginal e¤ects Fifth, the coe¢ cient for the RePec OA pre-print dummy is positive and statistically signi…cant at the 10%-level in speci…cation (5) . It is statistically insigni…cant in speci…cations (1), (2), (3), (4) and (6) . The RePec OA pre-print dummy is dropped in speci…cation (7) where we control for citations to RePec OA pre-prints. The coe¢ cient for citations to OA pre-prints on RePec is positive and signi…cant at the 1% level in speci…cation (7). The statistically signi…cant positive marginal e¤ect of
ReP EcCitP reP rints ijt on N etCit ijt is 0.5%. Intuitively, more successful working papers in terms of citations may ceteris paribus result in more cited published articles as they have already attracted interested (and citing) readers. In addition, it is not the mere existence of RePec OA pre-prints that has a statistically signi…cant positive e¤ect on net citations but citations to these pre-prints. Sixth, LeadArt ijt is positive and signi…cant at the 5% level in speci…cation (7). However, N umP age ijt , OAP reP rint ijt and SSRN OAP reP rint ijt are insigni…cant across all speci…cations. 10 BestH ijt , BestCit ijt ,
BestAvCit ijt and InstRank ijt are (where included) statistically insigni…cant. 11 Finally, M onthsReP ecP reP rint ijt and M onthsReP ecP reP rintSq ijt are statistically insigni…-cant in speci…cation (7).
Negative Binomial Regression Model
As an alternative model, we use the negative binomial regression model with robust standard errors clustered around journals to estimate the relation between net citations and the set of variables under study. The regression results are reported in Table 5 . 10 As the coe¢ cient for SSRN OAP reP rint ijt is negative and insigni…cant across all speci…cations, we focus our analysis on the availability of OA pre-prints on RePec and citations to these pre-prints. 11 In speci…cation (5), we test whether the coe¢ cients for BestH ijt , BestCit ijt and BestAvCit ijt are jointly di¤erent from 0. The p-value is 0.4827. We cannot reject the null hypothesis and conclude that the three variables are jointly insigni…cant.
Source: Thomson Reuters Journal Citation Reports; Web of Knowledge; RePec, websites of 15 HOA journals. Note: Robust standard errors in parentheses. Robust standard errors clustered around journals. One article is one observation. We drop 34 observations of HOA articles that are not subject to HOA pilot agreements. We also include journal dummys. We drop the journal dummy for Public Choice which corresponds to the most common category with 294 articles in the data set. We include BestH ijt in specification (2), BestCit ijt in (3) and BestAvCit ijt in (4) and all quality measures together in (5). In (6), we control for institution quality and BestH ijt . An increase in InstRank ijt represents a decrease in the ranking of the institution. Thus, a negative coefficient stands for higher net citations for papers of researchers affiliated with higher-ranked institutions. In specification (7) we additionally control for the months of availability of OA pre-prints on RePec and cites to these pre-prints. The log-transformed over-dispersion parameter ln(a) is estimated and displayed. *** p<0.01, ** p<0.05, * p<0.1. The following …ndings support our main results of the PQML regressions. First, the months since online publication are a strong predictor for net citations. The coe¢ cient is positive and signi…cant at least at the 5% level throughout all speci…cations. Table 6 reports the marginal e¤ects at the means of the negative binomial regression. 12 As in the PQML regression, the statistically signi…cant positive marginal e¤ect of M onthP ub ijt on N etCit ijt ranges between 5% and 7% across speci…cations. Second, the number of references is a strong predictor for net citations. The coe¢ cient is positive and signi…cant at the 1%-level throughout all speci…cations. In addition, the statistically signi…cant positive marginal e¤ect of N umRef ijt on N etCit ijt ranges between 0.4% and 0.8% across speci…cations. Third, the coe¢ cient for HOAP ilot ijt is positive throughout all speci…cations. It is signi…cant at the 5%-level in speci…cations (2), (3), (4) and (5) and at the 5.1%-level in speci…cation (1) . However, as in the PQML regressions, the HOA pilot status of articles turns out to be insigni…cant in speci…cation (6) with a p-value of 0.303 when we control for institutional quality and the H-index of the best author. In addition, it is insigni…cant with a high p-value of 0.647 in speci…cation (7) where we additionally control for the months of availability of OA pre-prints and the citations to these pre-prints. As for the marginal citation e¤ect of HOA, the HOA pilot status of articles increases net cites by about 17% across speci…cations (1) to (5) as compared to CA articles published in the same group of journals. However, once we control for institution quality together with the H-index of the best author the e¤ect turns out to be insigni…cant and drops down to about 10%. When we also control for the months of availability of OA pre-prints on RePec and citations to these pre-prints, the (statistically insigni…cant) marginal e¤ect of HOA on net citations drops to 2.4%. 12 We also run the PQML and negative binomial regressions including the …ve dummy variables for HOA pilot institutions (results not reported here). Including these variables does not qualitively change our results. Notably, however, none of these dummy variables has a statistically signi…cant positive marginal e¤ect on net citations across all speci…cations. This result suggests that HOAP ilot ijt is not positively picking up the quality of HOA pilot institutions which are slightly better ranked (on average, 177) than Non-HOA pilot institutions (on average, 189).
Source: Thomson Reuters Journal Citation Reports; Web of Knowledge; RePec, websites of 15 HOA journals. Note: Robust standard errors in parentheses. Robust standard errors are clustered around journals. One article is one observation. We drop 34 observations of HOA articles that were not subject to a HOA pilot agreement. We also include journal dummys. We drop the journal dummy for Public Choice which corresponds to the most common category with 294 articles in the data set. We include BestH ijt in specification (2), BestCit ijt in (3) and BestAvCit ijt in (4) and all quality measures together in (5). In (6), we control for institution quality and BestH ijt . An increase in InstRank ijt represents a decrease in the ranking of the institution. In specification (7) we additionally control for the months of availability of OA pre-prints on RePec and cites to these pre-prints. ( ‡ ) Marginal effect for discrete change of dummy variable from 0 to 1. *** p<0.01, ** p<0.05, * p<0.1. Table 6 : Negative binomial regression marginal e¤ects Fourth, the coe¢ cient for citations to RePec OA pre-prints is positive and signi…cant at the 1%-level in speci…cation (7) . The statistically signi…cant positive marginal e¤ect of ReP EcCitP reP rints ijt on N etCit ijt is 0.4%. Fifth, the number of authors appears to be a signi…cant predictor for N etCit ijt as the coe¢ cient is positive and signi…cant at least at the 5% level across speci…cations (1) to (6) . However, as in the PQML regressions, once we control for the months of availability of OA pre-prints and citations to these pre-prints in speci…cation (7) the coe¢ cient turns out to be insigni…cant. Sixth, the coe¢ cient for the availability of OA pre-prints on RePec is statistically signi…cant at the 5%-level in speci…cation (1) and at the 10%-level in speci…cation (5) . However, once we control for the H-index of the best author together with institutional quality the coe¢ cient is insigni…cant with a p-value of 0.73 in speci…cation (6) . Seventh, LeadArt ijt is positive and signi…cant at the 5% level in speci…cation (7). Eighth, N umP age ijt , OAP reP rint ijt and SSRN OAP reP rint ijt are insigni…cant across all speci…cations.
Ninth, BestCit ijt and BestAvCit ijt are insigni…cant in speci…cations (3), (4) and (5), respectively. Finally, there are two main di¤erences between the results of the PQML regressions and the negative binomial regressions. The coe¢ cient for BestH ijt is positive and statistically signi…cant at the 10% level in speci…cation (2) with a p-value of 0.051 and in speci…cation (7) with a p-value of 0.063 in the negative binomial regression whereas it is insigni…cant in the PQML regression. In addition, the coe¢ cient for M onthsReP ecP reP rint ijt is negative and statistically signi…cant at the 10% level in speci…cation (7) in the negative binomial regression whereas it is negative and statistically insigni…cant in the PQML regression. A possible interpretation for the negative sign of the coe¢ cient in both models is that rejections increase the time between the upload of a working paper and the publication date of the …nal article. In addition, repeatedly rejected papers are ceteris paribus more likely to be published in (less read and cited) journals at the lower end of the quality ladder.
20
We use a unique, hand-collected dataset containing information on 1,329 CA and HOA articles published in the same journals to analyze the e¤ect of HOA on net citations.
Our analysis bene…ts from the recent introduction of HOA pilot agreements under which the HOA status is typically assigned to all articles of authors a¢ liated with HOA pilot institutions. We …nd that the months since online publication, the number of references and citations to RePec OA pre-prints are strong predictors for net citations. Performing PQML regressions, the HOA status turns out to be a signi…cant predictor of net citations in …ve out of seven speci…cations with marginal e¤ects ranging between 22%
and 26%. However, once we additionally control for institution quality and citations to 
